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Current partners and user community
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• Partner: California Dept of 

Water Resources

• Center for Water, Earth 

Science & Technology

• JPL

• User community: Federal, 

state and local entities across 

California; e.g. irrigation 

districts and municipalities.

Integrated Real-Time SWE Mapping
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Linear Regression Model (LRM) SWE 

SWE, inches



Linear Regression Model (LRM)SWE: 2000 - 2018



5

Recent inter-annual variability of April 1st SWE



Real-time SWE Report Example: April 1, 2018



Real-time SWE Report Example: Apr 1, 2018



Correlation of SWE products with snow course data
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LRM mean: 0.59 SNODAS mean: 0.37



Avg SWE Tuolumne Basin – Comparison w/ ASO
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• Regression models show better agreement with ASO 

than SNODAS



Difference Between ASO and LRM/SNODAS
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Low SWE day (2015-04-09) | ASO: 114 mm

LRM: 103 mm
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SNODAS: 197 mm



Difference Between ASO and LRM/SNODAS
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LRM: 737 mm

Average SWE day (2016-03-26) | ASO: 720 mm

SNODAS: 590 mm



Using ASO to bias correct SWE estimates

• Correlate bias with terrain 

variables

• Highest correlation with 

Elevation

• Effects of forest cover and 

aspect are secondary 



April 2012



April 2013



April 2014



April 2015



April 2015
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Deficit going into 

2018 water year: 

54 Million Acre Feet

SWE Estimates During the CA Drought
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Note: 2018 was also a very low snow year.



2017 & The End of the Drought?



How can remotely sensed SWE information 
improve flood forecasts?



Drought or Flood: What to tell the press?



Heavy Rainfall and Full Reservoirs: Does SWE matter?



Heavy Rainfall and Full Reservoirs: Does SWE matter?



Oroville Disaster: Rain-on-Snow?

• Largest storage facility in CA State 

Water Project.

• Damage: 45 feet deep, 300 feet 

wide, and 500 feet long.

• ~$200 Million Damage

• 188,000 People evacuated



Antecedent Snowpack
• Antecedent 

snowpack far 
above February 1 
long-term average 
(160% of normal) 
after very active AR 
sequence in 
January

• SWE above 
average at all 
elevations with 
pillows/courses
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10% of basin area above

10% of basin area below

Henn, Musselman, Ralph, Lestak, and Molotch (in prep)

How can we use SWE products to characterize runoff during flood events?
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•CU / JPL gridded SWE 

estimates before & 

after the flood event

•MODIS clear-sky 

images on January 24 

and February 12, 2017 

show snow loss.

SWE maps before and after the flood event show significant snowmelt



• 1.02 in. SWE loss averaged 

over Feather River Basin 

between Jan. 24 and Feb. 12

• 9 in measured precipitation 

over basin

• total water available for 

streamflow generation was 

11% higher due to snowmelt
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Henn, Musselman, Ralph, Lestak, and Molotch (in prep)

Basin-wide snowpack losses contributed 11% to the flood wave:          
CU/JPL SWE Product



Merging satellite data with airborne and ground data to estimate SWE

An integrated SWE observing system

• Ground data:

• Truth

• Long record

• Limited in space

• Airborne data:

• Accurate

• High resolution

• Limited in extent and 

frequency ($$)

• Satellite data

• Large extent

• Frequent sampling

• Limited in resolution 

and accuracy



CONCLUSIONS
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• Flood risk assessment: real time SWE mapping 

illustrates that 11% of the Oroville-event flood wave 

was associated with snowmelt / rain-on-snow

• Drought impact assessment: SWE products show a 

snow-water deficit of 54 Million Acre Feet going into 

the 2018 water year

• Integrated measurement approach is imperative for 

water resources sustainability.

• California MUST lead the way……

How can remotely sensed SWE information improve water supply 
forecasts? 


